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(57) ABSTRACT 

An infusion pump system comprises one or more infusion 

pump units and a stationary receptor system. Each unit 
comprises a housing of a siZe allowing the unit to be carried 

by a user as a portable unit and de?ning an exterior surface, 

a ?uid inlet for establishing ?uid communication from an 

external infusion bag, a ?uid outlet for establishing ?uid 
communication to an infusion site, a controllable pumping 

system having an inlet and an outlet, the inlet being con 
nected to the ?uid inlet and the outlet being connected to the 

?uid outlet for alloWing transfer of ?uid from the ?uid inlet 

to the ?uid outlet through activating the controllable pump 
ing system, a ?rst check valve provided at the inlet, a second 

check valve provided at the outlet, an electronic control 

means for controlling the operation of the pumping system 
and including at least tWo preset pumping programs for 
alloWing the pumping system to be controlled in at least tWo 
alternative infusion pumping operations, and a poWer supply 
unit for supplying poWer to the pumping system and to the 
electronic control means and connectible through exterior 

terminals to external electric energy supply means. The 

receptor system includes a receptor for receiving the unit for 
maintaining the unit in a stationary mode and exposing the 
?uid inlet and ?uid outlet and a mains supply unit for 
receiving electric energy from the mains supply and having 
terminals connectible to the exterior terminals for supplying 
electric energy to the poWer supply unit of the unit. 

26 Claims, 15 Drawing Sheets 
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INFUSION PUMP SYSTEM AND AN 
INFUSION PUMP UNIT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a Continuation of co-pending Interna 
tional Application No. PCT/DK98/00457; ?led Oct. 21, 
1998. 

The present invention generally relates to the technical 
?eld of infusing a liquid to a patient or person by means of 
an infusion pump, eg at a hospital. The present invention 
also relates to infusion of liquid to an animal. More 
precisely, the present invention relates to an infusion pump 
system and an infusion pump unit of a universal applicable 
structure for infusing a liquid into a patient or person. 

At hospitals or nurse houses, it is often necessary to 
supply medication or body liquids to a person by means of 
an infusion pump in Which instance the medication or the 
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body liquids are infused into the body of the patient or 20 
person in question through a catheter Which is connected to 
the blood transportation system of the patient or person, eg 
a vein or a venule. The usual technique of supplying 
medication by means of an infusion system to a patient or 
person involves the supply of physiologic liquid to the 
patient Which physiologic volume is supplied at a speci?c 
rate and Which serves as a diluting liquid as the medication 
is supplied to the physiologic liquid also at a speci?c rate 
such as one or tWo drops of medication per time period 
varying from a second or a feW seconds to several minutes 
or even hours. The medication of a patient or person may in 
some applications involve the supply of the medication 
directly to the patient or person by means of the infusion 
pump. 

Numerous infusion pumps and infusion pump systems are 
knoW in the art such as from US. Pat. No. 4,087,864, US. 
Pat. No. 5,222,946, published international patent applica 
tion WO821/4399, German published patent application 
DE-OS 28 32 800, published international patent application 
WO93/10830, US. Pat. No. 5,316,452, US. Pat. No. 4,080, 
967, US. Pat. No. 3,990,444, published British patent 
application GB 2,009,453, US. Pat. No. 4,443,216, US. 
Pat. No. 4,447,233, US. Pat. No. 5,167,631, US. Pat. No. 
5,472,317, European patent No. 0 553 313, Danish patent 
153,587 and Danish patent 167,037. Reference is made to 
the above published patent applications and patents and the 
above mentioned US. patents are hereby further incorpo 
rated in the present speci?cation by reference. 

Generally, the prior art infusion pumps are adapted to 
provide a speci?c function such as supplying a speci?c 
amount of liquid at a ?xed rate. Also the prior art infusion 
pump systems generally constitute stand-alone apparatuses 
Which are con?gurated as main supply apparatuses or alter 
natively battery poWered apparatuses necessitating that a 
patient Which is presently lying in a bed and receives 
medication by means of a main poWered infusion pump 
needs to have the infusion pump substituted or at least 
disconnected from the main supply for a period of time 
provided the patient or person is to be moved from one 
location to another e.g. Within the hospital or has to have the 
main poWered infusion pumps substituted by a battery 
poWered infusion pump provided the patient from being 
lying in the bed is to move around for exercising. 

It is an object of the present invention to provide an 
infusion pump system alloWing the patient or person using 
the infusion pump system according to the present invention 
to shift from a position sitting or lying in a bed and move 
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2 
around Without necessitating the substitution or shift of the 
stationary infusion pump to a portable infusion pump as the 
infusion pump system according to the present invention 
constitutes a universally applicable or combined portable 
and stationary infusion pump system. 
An advantage of the present invention relates to the fact 

that the infusion pump system according to the present 
invention may be used in different pumping modes as the 
infusion pump system includes several programmes for 
different operational modes and further preferably includes 
input means for input of different operational programmes. 
The above object, the above advantage together With 

numerous other objects, advantages and features Which Will 
be evident from the beloW detailed description of presently 
preferred embodiments of the infusion pump system accord 
ing to the present invention are in accordance With the 
teachings of the present invention obtained by an infusion 
pump system comprising: 

at least one infusion pump unit, comprising: 
a housing of a siZe alloWing said infusion pump unit to be 

carried by a user as a portable infusion pump unit, said 
housing de?ning an exterior surface, 

a ?uid inlet provided accessibly at said exterior surface 
for establishing ?uid communication from an external 
infusion bag to said ?uid inlet, 

a ?uid outlet provided accessibly at said exterior surface 
for establishing ?uid communication to an infusion 

site, 
a controllable pumping system included Within said hous 

ing and having an inlet and an outlet, said inlet being 
connected to said ?uid inlet and said outlet being 
connected to said ?uid outlet for allowing transfer of 
?uid from said ?uid inlet to said ?uid outlet through 
activating said controllable pumping system, 

a ?rst check valve provided at said inlet of said control 
lable pumping system, 

a second check valve provided at said outlet of said 
controllable pumping system, 

an electronic control means received Within said housing 
for controlling the operation of said controllable pump 
ing system, said electronic control means including at 
least tWo preset pumping programs for alloWing said 
controllable pumping system to be controlled in at least 
tWo alternative infusion pumping operations, and 

a poWer supply unit housed Within said housing for 
supplying poWer to said controllable pumping system 
and to said electronic control means and connectible 
through exterior terminals provided at said exterior 
surface of said housing to external electric energy 
supply means, 

a stationary receptor system including: 
a receptor means for receiving and ?xating said at least 

one infusion pump unit therein so as to maintain said at 
least one infusion pump unit in a stationary mode and 
exposing said ?uid inlet and ?uid outlet of said at least 
one infusion pump unit for alloWing access thereto, and 

a mains supply unit for receiving electric energy from the 
mains supply and having terminals connectible to said 
exterior terminals for supplying said electric energy to 
said poWer supply unit of said at least one infusion 
pump unit, said mains supply unit constituting said 
external electric supply means. 

According to the basic realiZation of the present 
invention, the infusion pump system according to the 
present invention comprises an infusion pump unit including 
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a power supply unit for supplying electric poWer to the 
controllable pumping system of the infusion pump unit and 
further a stationary receptor means system including a main 
supply unit for supplying electric energy from the main 
supply to the poWer supply unit of the infusion pump unit. 
According to the basic teachings of the present invention, 
the controllable pumping system of the infusion pump unit 
includes electronic control means alloWing the controllable 
pumping system to be operated in accordance With at least 
tWo different preset pumping programmes for modifying the 
operation of the infusion pump unit to a speci?c application. 

The infusion pump unit of the infusion pump system 
according to the present invention may in accordance With 
the presently preferred embodiment of the infusion pump 
system according to the present invention be embodied as a 
microprocessor based infusion pump unit. Consequently, the 
electronic control means of the infusion pump unit may 
according to the presently preferred embodiment be consti 
tuted by a microprocessor control means alloWing the micro 
processor control means to ?rstly control the controllable 
pumping system and secondly control the overall operation 
of the infusion pump unit including the poWer supply unit. 
The microprocessor based infusion pump unit of the infu 
sion pump system according to the present invention pref 
erably further comprises a display means included in the 
electronic control means for displaying the operational mode 
of the infusion pump unit and further including keyboard 
means for addressing the electronic control means Which are 
preferably constituted by the microprocessor control means. 

According to a further modi?ed and presently preferred 
embodiment of the infusion pump system according to the 
present invention, the keyboard means cooperating With the 
electronic control means of the infusion pump unit may be 
adapted to alloW the electronic control means to be pro 
grammed for programming a speci?c pumping program into 
the electronic control means preferably constituted by the 
microprocessor control means for controlling the control 
lable pumping system to perform said speci?c pumping 
operation corresponding to said speci?c pumping pro 
gramme. 

Apart from the keyboard means preferably adapted to 
programme the electronic control means of the infusion 
pump unit, the electronic control means Which are preferably 
constituted by the above described microprocessor control 
means may additionally or alternatively be programmable 
through an eXternal programme port such as a conventional 
parallel or serial input/output port eg an RS232 port. 

Additionally or alternatively, the electronic control means 
of the infusion pump unit of the infusion pump system 
according to the present invention may be preprogrammed 
alloWing the infusion pump unit to be readily used for 
speci?c preset pumping operations corresponding to the 
preprogrammed pumping programmes of the electronic con 
trol means. 

The check valves of the infusion pump unit of the infusion 
pump system according to the present invention may in 
accordance With a ?rst embodiment be constituted by preset 
check valves. According to the presently preferred embodi 
ment of the infusion pump system, at least one of the check 
valves, preferably the second check valve, is constituted by 
a controllable check valve for shifting the controllable check 
valve betWeen a ?rst active state and a second non-active 
state alloWing the infusion pump unit to be modi?ed from an 
infusion pump unit including tWo check valves into an 
infusion pump including a single check valve as the tWo 
check valve infusion pump unit is established provided the 
controllable check valve is in the above ?rst active state 
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4 
Whereas the single check valve infusion pump unit is estab 
lished provided the controllable check valve is in the second 
non-active state. 
The controllable check valve controllable betWeen the 

?rst active state and the second non-active state may be 
con?gurated or embodied in numerous embodiments, hoW 
ever the non-active state is according to the presently 
preferred embodiment of the infusion pump unit of the 
infusion pump system according to the present invention 
established by means of a bypass valve establishing in a 
bypass mode a bypass of the controllable check valve and 
establishing in the bypass mode the second non-active state 
of the controllable check valve. 
The overall pumping operation of the infusion pump of 

the infusion pump system according to the present invention 
is as indicated above established by the controllable pump 
ing system Which according to the presently preferred 
embodiment of the infusion pump unit of the infusion pump 
system according to the present invention includes a recip 
rocating plunger pump, the operation frequency of Which is 
controllable from the electronic control means for altering 
the ?uid transfer rate of the controllable pumping system. 

In order to control the overall operational mode of the 
infusion pump unit, the infusion pump unit preferably fur 
ther includes at least a ?rst capacity detector circuit for 
detecting the presence of infusion liquid or alternatively air 
Within the pumping system in order to alloW the electronic 
control means to block the operation of the infusion pump 
unit of the infusion pump system provided air is detected 
Within the pumping system. It is a Well knoWn fact Within the 
art that infusion pump systems should under no circum 
stances introduce air bobbles into the blood transfusion 
system of the patient or person being medicated by means of 
the infusion pump system as the presence of air Within the 
blood transportation system of the patient or person may 
cause a serious danger of injuries to the patient or person. 

According to the presently preferred embodiment of the 
infusion pump unit of the infusion pump system according 
to the present invention, the ?rst capacitive detector circuit 
comprises a capacitive attenuator including a variable 
capacitor communicating With said pumping system, said 
capacitive attenuator being supplied With an alternating 
input signal for generating an alternating output signal 
including an amplitude modulated component Which is 
detected by an amplitude demodulator circuit. 
The infusion pump unit of the infusion pump system 

according to the present invention preferably further 
includes a second capacitive detector circuit supplementing 
the ?rst capacitive detector circuit of the infusion pump unit 
of the pumping system. Preferably the second capacitive 
detector circuit is embodied in accordance With the presently 
preferred embodiment of the ?rst capacitive detector circuit 
and preferably, consequently, comprises a capacitive attenu 
ator including a variable capacitor communicating With said 
pumping system, said capacitive attenuator being supplied 
With an alternating input signal for generating an alternating 
output signal including an amplitude modulated component 
Which is detected by an amplitude demodulator circuit. The 
presence of tWo capacitive detector circuits Within the 
infusion pump unit of the infusion pump system according 
to the present invention alloWs the operation of the pumping 
system to be controlled and monitored at tWo speci?c 
locations such as at the inlet and the outlet of the infusion 
pump unit ensuring a high degree of safety to the infusion 
pump system. 

The reciprocating plunger pump of the controllable pump 
ing system of the infusion pump unit of the infusion pump 
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system according to the present invention may be embodied 
in accordance With numerous pump techniques, hoWever, 
for providing a pumping system in Which the risk of gen 
erating cavities Within the pumping system or excessive 
pressure load to the pumping system alternatively, Which in 
both instances might be haZardous to the patient or person 
receiving medication from the infusion pump system and at 
the same time provide a controllable pumping system the 
operational mode of Which is easily monitored, the recipro 
cating plunger pump of the infusion pump unit of the 
infusion pump system according to the present invention 
preferably includes a solenoid attenuator and a mechanical 
attenuator for providing mechanical attenuation of solenoid 
activated plunger of the plunger pump. 

The above object, the above advantage together With 
numerous other objects, features and advantages Which Will 
be evident from the beloW detailed description of the infu 
sion pump system according to the present invention is in 
accordance With the teachings of the present invention also 
obtained by an infusion pump unit comprising 

a housing of a siZe alloWing said infusion pump unit to be 
carried by a user as a portable infusion pump unit, said 
housing de?ning an exterior surface, 

a ?uid inlet provided accessibly at said exterior surface 
for establishing ?uid communication from an external 
infusion back to said ?uid inlet. 

a ?uid outlet provided accessibly at said exterior surface 
for establishing ?uid communication to an infusion 

site, 
a controllable pumping system included Within said hous 

ing and having an inlet and an outlet, said inlet being 
connected to said ?uid inlet and said outlet being 
connected to said ?uid outlet for alloWing transfer of 
?uid from said ?uid inlet to said ?uid outlet through 
activating said controllable pumping system, 

a ?rst check valve provided at said inlet of said control 
lable pumping system, 

a second check valve provided at said outlet of said 
controllable pumping system, 

an electronic control means received Within said housing 
for controlling the operation of said controllable pump 
ing system, said electronic control means including at 
least tWo preset pumping programs for alloWing said 
controllable pumping system to be controlled in at least 
tWo alternative infusion pumping operations, and 

a poWer supply unit housed Within said housing for 
supplying poWer to said controllable pumping system 
and to said electronic control means and connectible 
through exterior terminals provided at said exterior 
surface of said housing to external electric energy 
supply means, and 

to be used in connection With a stationary receptor system 
including: 
a receptor means for receiving and ?xating said at least 

one infusion pump unit therein so as to maintain said 
at least one infusion pump unit in a stationary mode 
and exposing said ?uid inlet and ?uid outlet of said 
at least one infusion pump unit for alloW in access 

thereto, and 
a mains supply unit for receiving electric energy from 

the mains supply and having terminals connectible to 
said exterior terminals for supplying said electric 
enter to said poWer supply unit of said at least one 
infusion pump unit, said mains supply unit consti 
tuting said external electric supply means. 

The invention is noW to be further described With a 
reference to the draWings in which 
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FIG. 1 is a perspective and schematic vieW of a ?rst and 

presently preferred embodiment of a portable infusion pump 
unit according to the present invention, 

FIG. 2 is an elevational and sectional vieW of the ?rst 
embodiment of the portable infusion pump unit illustrated in 
FIG. 1, 

FIG. 3 is a schematic vieW of the interior of the ?rst 
embodiment of the portable infusion pump unit illustrated in 
FIGS. 1 and 2, disclosing the ?oW path thereof, 

FIG. 4 is a schematic vieW illustrating a possible appli 
cation of the ?rst embodiment of the portable infusion pump 
unit illustrated in FIGS. 1, 2 and 3, 

FIG. 5 is a perspective and schematic vieW illustrating the 
application of the ?rst embodiment of the portable infusion 
pump unit illustrated in FIGS. 1—4 in a stationary charger 
and ?xation system for providing a stationary infusion pump 
system, 

FIG. 6 is a diagrammatic vieW of a ?rst part of the 
electronic circuitry of the ?rst embodiment of the portable 
infusion pump unit illustrated in FIGS. 1—4, 

FIG. 7 is a diagrammatic vieW of a second part of the 
electronic circuitry of the ?rst embodiment of the portable 
infusion pump unit illustrated in FIGS. 1—4, 

FIG. 8 is a schematic and vertical sectional vieW of a 
plunger component included in the ?rst embodiment of the 
portable infusion pump unit illustrated in FIG. 1, 

FIG. 9 is a diagram illustrating the plunger stroke versus 
time of the plunger component illustrated in FIG. 8 in three 
alternative operational modes, and 

FIGS. 10a—10i are diagrammatic vieWs of 9 alternative 
operational modes illustrated in ?oW diagrams. 

In the draWings, a ?rst and presently preferred embodi 
ment of a portable infusion pump unit or apparatus is 
disclosed designated the reference numeral 10 in its entirety. 
The apparatus 10 comprises a housing composed of tWo 
shell-like housing parts 12 and 14 constituting a front and 
rear housing part, respectively. The front an rear housing 
parts 12 and 14, respectively, are easily disassembled alloW 
ing the user to obtain access to the interior of the apparatus 
for substituting an interior ?uid passage component to be 
described in greater detail beloW With reference to FIG. 3 
constituting a disposable pre-steriliZed component Which is 
easily demounted after use and readily replaced prior to use. 
From the rear side of the housing part 14, a clip 16 alloWing 
the apparatus 10 to be ?xed to a strap or a belt extends. It is 
to be realised that terms such as upper, loWer, front, rear, 
etc., unless otherWise stated, in the present context de?ne 
positions or orientations determined by the intentional appli 
cation of the apparatus 10 as the apparatus is positioned in 
an upright and substantially vertical position, e.g. received 
in the belt of a user by means of the clip 16 or otherWise 
positioned exteriorly or non-implantatedly relative to the 
user. 

In the front housing part 12, a display 20 is provided, 
comprising tWo sets of tWo digits designated the reference 
numerals 22 and 24, respectively, for displaying digits 
representing the time lapsed or the time remaining for 
infusion operation expressed in minutes and hours, 
respectively, or seconds and minutes, respectively, or alter 
natively for displaying digits representing the supply of 
infusion liquid as expressed in volume per time unit, e.g. ml 
per hour. The display 20 further includes a display area 26 
for informing the user and/or a person operating the infusion 
pump apparatus 10 or nursing the user regarding the opera 
tional mode of the apparatus, such as standby or running 
information. Furthermore, the display 20 includes a number 
of individual displays positioned above one another and 
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above the standby/running display 26, one of Which is 
designated the reference numeral 28. These individual dis 
plays 28 are adapted to display information such as the 
operational mode, eg the information that the apparatus is 
in a program mode, information regarding Whatever infor 
mation is presented on the tWo-digit displays 22, 24, such as 
the time remaining for infusion operation, the total time of 
the infusion operation, Whether or not the apparatus is 
running or is to be started, or any other relevant information 
to be presented to the user or operator. The display 20 further 
includes three individual alarm displays 30, 32 and 34 for 
informing the user of the presence of air in the infusion 
pump circuitry, pressure fault or failure or loW battery, 
respectively. A further display 36 informs the user or opera 
tor of the program sequence presently used or programmed, 
Which program sequence is represented by a digit displaced 
by a 1-digit display 38. A 3-digit display 40 of the display 
20 represents information to the user or operator regarding 
the infusion supply measured in ml per hour or similar 
relevant measure or ratio. 

BeloW the display 20, a keyboard 42 is provided including 
a set of keys, one of Which is designated the reference 
numeral 44 for alloWing the user/operator to control the 
portable infusion pump unit 10 to perform a speci?c opera 
tion or to program the apparatus by shifting betWeen speci?c 
program sequences by increasing a speci?c digit displayed 
in a 1-, 2- or 3-digit display, such as the displays 22, 24, 38 
and 40, by increasing or reducing the digit in question and 
by shifting a cursor route relative to the various individual 
displays of the display 20 for alloWing the user/operator to 
modify the operational mode or shift betWeen various preset 
programs of the apparatus. 

At the one side Wall of the housing, composed by the 
housing parts 12 and 14 of the unit or apparatus 10, tWo 
terminals 46 and 48 are provided for alloWing the apparatus 
10 to be connected to an electronic charger for supplying 
electric poWer to an internal rechargeable battery pack or 
cell of the apparatus. The terminals 46 and 48 may alterna 
tively or additionally serve as input/output terminals for 
establishing communication betWeen the apparatus 10 and 
an external apparatus or equipment such as an external data 
logging apparatus or surveillance apparatus or further alter 
natively for communicating With an external processing unit 
such as a personal computer or data logging apparatus. Still 
further, the apparatus 10 may be provided With a conven 
tional input/output terminal such as a conventional RS 232 
terminal for establishing communication betWeen the appa 
ratus 10 and an external computer such as the above 
mentioned personal computer for processing data produced 
by the apparatus concerning the operational mode of the 
apparatus and also supplementary data produced by the 
apparatus or auxiliary equipment, eg data representing the 
temperature of the infusion liquid supplied by the apparatus 
10 or data supplied by additional external measuring or 
surveillance equipment. In the top Wall of the housing of the 
apparatus 10 tWo recesses are provided for receiving tWo 
tube connectors 50 and 52 constituting a ?uid inlet and a 
?uid outlet, respectively, of the above-mentioned ?uid pas 
sage component to be described in further detail beloW With 
reference to FIG. 3. As is evident from FIG. 2, a further ?uid 
outlet 54 is provided in the bottom Wall of the housing of the 
apparatus 10 opposite to the ?uid outlet 52. 

In FIG. 2, the interior structure of the portable infusion 
pump unit or apparatus 10 is disclosed, illustrating the ?uid 
inlet 50 and the ?uid outlets 52 and 54. In FIG. 2, the 
reference numerals 56 and 58 designate tWo printed circuit 
boards including the electronic circuitry of the apparatus to 
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be described in further detail beloW With reference to FIGS. 
6 and 7 and including the display, the rechargeable poWer 
pack or cell circuitry and the CPU-circuitry of the apparatus 
controlling the overall operation of the apparatus including 
the infusion operation. Alternatively, the electronic circuitry 
of the apparatus may be included in a single printed circuit 
board or, alternatively, three or more printed circuit boards. 
The internal rechargeable battery pack or cell is designated 
the reference numeral 60. 

In FIG. 2, the internal ?oW system of the portable infusion 
pump apparatus 10 is disclosed, constituting a disposable 
and replaceable ?uid passage component as mentioned 
above and including an inlet tube 62 connected to the ?uid 
inlet 50. TWo capacitive detectors 64 and 66 are mounted on 
the inlet tube 62 and communicate With the electronic 
circuitry of the apparatus housed on the printed circuit board 
56 and 58 for detecting presence of air bobbles if any in the 
infusion liquid input to the ?uid inlet 50. At its output end, 
the inlet tube 62 communicates With a ?rst check valve 68 
Which constitutes an inlet to a pump housing component 70, 
in Which an internal ?uid passage is provided, as Will be 
described in greater details beloW With reference to FIG. 3, 
Which ?uid passage terminates in an output or second check 
valve 72 from Which tWo branched-off outlet tubes 74 and 76 
communicate With the ?uid outlets 54 and 52, respectively. 
For transferring the infusion liquid or any other liquid input 
to the portable infusion pump unit 10 through the ?uid inlet 
50 to an application site through one of the ?uid outlets 52 
and 54, a piston type pump 78 is provided. The internal ?oW 
system of the portable infusion pump comprising the ?uid 
inlet 50, the inlet rube 52, the capacitive detectors 64 and 66 
belonging to the inlet tube 62, the ?rst check valve 68, the 
pump housing component 70, the output check valve 72, the 
outlet tubes 74 and 76, and the outlets 52 and 54 constitute 
an integral disposable and replaceable ?uid passage com 
ponent to be described in greater detail beloW With reference 
to FIG 13 

In FIG. 3, the interior of the check valves and also the 
pump housing component 70 is disclosed in greater detail. 
The ?rst check valve 58 basically comprises a central 
circular cylindrical housing component 80 from Which a 
frustro-conical top part 81 extends upWardly communicating 
With the inlet tube 62 and arresting an inlet ?lter element 82 
at the transition betWeen the frustro-conical top part 81 and 
the cylindrical housing component 80. The cylindrical hous 
ing component 80 comprises a central annular oral compo 
nent 84 Which is sealed off in the initial or non-active 
position by a doWnWardly de?ectable sealing membrane 86. 
Provided the pressure beloW the sealing membrane 86 is 
loWer than the pressure above the membrane 86, the mem 
brane 86 is forced doWnWardly alloWing liquid to pass 
through the central aperture of the central annular compo 
nent 84 and further through apertures 87 provided offset 
relatively to the centre of the sealing membrane 86. 
The ?rst check valve 68 communicates With an inlet 

passage 88 of the pumping house component 70 terminating 
in an inner chamber de?ned Within an upWardly protruding 
annular top housing component 90 in Which a reciprocating 
plunger 94 of the piston pump 78 is movable in the direction 
to and from an abutting pin 96 Which separates the inlet 
passage 88 from an outlet passage 98. The interspace 
betWeen the reciprocating plunger of the piston pump 78 and 
the inner surface of the annular top housing component 90 
is sealed by means of a highly ?exible sealing gasket 92. 
The outlet passage 98 communicates With the above 

described second check valve 72 Which is basically of a 
con?guration similar to and functioning as a check valve 














